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Abstract: Forest harvesting i n mounta in car ibou range has been an issue for m a n y years. Radiote lemetry studi-
es o n m o u n t a i n caribou in the last decade have helped identi fy the geographic areas of conf l ic t , i m p r o v e d un-
derstanding of the mechanisms by w h i c h forestry activities affect car ibou, and suggested new approaches to 
management. Forest harvesting has begun to impact p o p u l a t i o n of nor thern car ibou, and researchers have be-
gun to examine those impacts. Interest in integrating forest management and car ibou habitat management has 
increased and has manifested itself in t w o ways: experimentat ion w i t h special stand management practices i n -
tended to maintain or create caribou habitat, and the creation of tools to help managers make decisions in a 
landscape context. 
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Introduction 
In the last decade researchers and managers con-
cerned w i t h caribou/forestry issues in Bri t ish 
C o l u m b i a have seen major changes in the infor-
mation base available to them and in the pro-
blems they confront. M o u n t a i n caribou in 
southeastern Bri t ish C o l u m b i a have been the 
subject of a number of telemetry-based studies 
(Antifeau 1987; Simpson and W o o d s 1987; Ro¬
minger and O l d m e y e r 1989; Servheen and L y o n 
1989; Watts 1989; Seip 1990; Seip 1991). In 
west-central and northern Bri t ish C o l u m b i a ca-
ribou/forestry issues have developed recently. 
There have been o n l y t w o major caribou studi-
es i n that part of Bri t ish C o l u m b i a (Hatler 
1986; C i c h o w s k i 1989), and o n l y the latter is 
directly related to forestry concerns. 
The last decade has also seen a shift i n h o w 
Brit ish C o l u m b i a biologists th ink about the na-
tural regulation of caribou populations. T e n 
years ago, biologists were polarized into t w o 
camps - one that stressed the importance of pré-
dation i n l imi t ing caribou populations, and one 
that stressed the importance of habitat. Today, 
biologists are more l ike ly to th ink of caribou as 
part of complex predator/prey/habitat systems. 
There is a general recognition that the major 
habitat variable affecting caribou numbers is 
space. The use of large home ranges allows cari-
bou to select habitats offering acceptable combi-
nations of snow conditions and food availabili-
ty , select habitats that have given them an ad-
vantage over predators, and reduce their 
vulnerabi l i ty to predators by dispersing them-
selves widely . There is also a reluctant, but in-
creasing recognition on the part of managers 
that it may be counterproductive to t ry to 
maintain caribou and manage for high moose 
populations in the same area. 
The objective of this paper is to discuss cur-
rent efforts to maintain large areas of suitable 
habitat for caribou in Bri t ish C o l u m b i a , in the 
face of an increasing demand for timber. I 
describe habitat use by caribou i n Bri t ish C o -
l u m b i a and identify some of the key habitat at-
tributes that are important to maintain. Then I 
discuss experimental management practices that 
may help maintain or recreate those habitat at-
tributes, and describe efforts to manage w i t h i n 
a landscape context. This paper is based i n part 
on results of recent research and new manage-
ment ideas that were discussed at, the Bri t ish 
C o l u m b i a C a r i b o u Conference held i n Prince 
George in N o v e m b e r 1990. 
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Habitat use by caribou 
in British Columbia 
The distr ibut ion of the three ecotypes of w o o d -
land caribou that occur in Br i t ish C o l u m b i a has 
been described by Edmonds (this publication). 
The «mountain/arboreal» animals of the south-
eastern and east-central por t ion of the province 
are generally k n o w n in Br i t ish C o l u m b i a as 
«mountain car ibou* . The «mountain/terrestrial» 
type of west-central and northern Br i t i sh C o -
lumbia is often described as «northern». The 
«boreal» ecotype, w h i c h is not discussed here, is 
sparsely distributed in the northeastern corner 
of Br i t ish C o l u m b i a , and is k n o w n largely f r o m 
studies undertaken outside the province. 
Mountain (mountain/arboreal) caribou 
M o s t of the mountain caribou of high-snow-
pack ecosystems in the southeastern quadrant 
of Br i t ish C o l u m b i a make altitudinal migra-
tions, and some make hor izontal seasonal mo-
vements as wel l . Their summer/fall ranges are 
located at high elevations, either above or be-
l o w t imberl ine. M a n y caribou migrate to sum-
mer ranges that are higher and more rugged 
than their winter ranges, whi le others use areas 
that are similar to winter ranges. Conf l ic ts w i t h 
forestry over summer/fall ranges are m i n i m a l . 
Ear ly winter ranges are mature t imber stands 
that are lower in elevation than summer ranges 
and often located in areas of more subdued to-
pography. D u r i n g early winter , caribou feed on 
l o w evergreen shrubs and other vascular plants, 
and on arboreal lichens available on b l o w d o w n 
and as l itterfall . The habitat attributes thought 
to be most important to caribou on early w i n -
ter ranges are arboreal lichens, litterfall and 
b l o w d o w n , and, to a lesser extent, snow inter-
ception and vascular forage (Stevenson et ai, 
this publication). The absence of habitat attri-
butes attractive to moose might also be conside-
red a key habitat attribute for caribou, as range 
overlap w i t h moose during early winter as like-
ly to increase the vulnerabil i ty of caribou to 
predation. N e a r l y all early winter ranges are 
commersial forest stands. 
A s the snowpack becomes more supportive 
later in winter, caribou increasingly use openca-
nopied mature stands on high subalpine pla-
teaus, where the snow is typical ly 2-3 meters 
deep. D u r i n g this period, arboreal lichens, avail-
able on the lower branches of standing trees, 
are the major forage item and a key habitat at-
tribute. Freedom f o r m access development is 
also important , not o n l y because heavy recrea-
t ional use may cause caribou to abandon winter 
ranges (Simpson 1988), but also because of the 
risk that ploughed roads or packed trails may 
be used by wolves to gain access to high-eleva-
t ion winter ranges. Some winter ranges are abo-
ve the elevation of merchantable t imber, but 
many are subject to forest harvesting. 
In A p r i l and M a y , some caribou remain at 
high elevations, but many move to lower eleva-
tions, where green forage is available. There is 
more use of disturbed sites, such as avalanche 
tracks, road cuts, and clearcuts, dur ing spring 
than during other seasons. M a n y spring ranges 
are in merchantable t imber types. The impact 
of forest harvesting on spring range use is poor-
ly understood. The presence of clearcuts in 
spring range does not seem to affect caribou ad-
versely, but once the clearcuts have developed 
into closed-canopy serai stands, they are l ike ly 
to be non-habitat, and may even constitute bar-
riers to movement. 
C a l v i n g generally takes place near snowline. 
N o impacts of forestry activities on calving ha-
bitat have been identified. 
Thus, the major conflicts between forestry 
and mountain caribou habitat are i n winter 
ranges. Concerns that apply to all seasonal 
ranges are the potential effects of access and ha-
bitat fragmentation, especially where ranges are 
separated by immature stands. 
Northern (mountain/terrestrial) caribou 
N o r t h e r n caribou inhabit the mountains and 
high plateaus of west-central and northern B r i -
tish C o l u m b i a . Snowfal l is lower than i n south-
eastern Br i t i sh C o l u m b i a , a l lowing the animals 
to crater for terrestrial forage under most w i n -
ter conditions. The f o l l o w i n g comments on sea-
sonal habitat use are based largely on the w o r k 
of C i c h o w s k i (1989). 
Summer ranges for northern caribou are typ i -
cally alpine or subalpine, although some ani-
mals i n some populations use l o w elevations. 
Forestry conflicts w i t h summer ranges have not 
been identified. 
N o r t h e r n caribou exhibit t w o major patterns 
of winter habitat use. F o r most northern cari-
bou, the pr imary winter habitats are mature 
lodgepole pine or pine/spruce forests w i t h 
abundant terrestrial lichens. C a r i b o u select fee-
ding sites w i t h high terrestrial l ichen abundan-
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ce. The lichens are most abundant on sites w i t h 
well-drained soils, either in dry meadows or i n 
open-canopied forests older than about 80 
years. Younger forests are avoided. D r y mea-
dows are used wh en snow depths are l o w or 
moderate, but not wh en snow is deep. 
A r b o r e a l lichens are also used by northern ca-
r i b o u , but the degree of use is unclear. The fe-
cal fragment data of C i c h b w s k i (1989) suggest 
about equal use of arboreal and terrestrial l i -
chens during winter , whereas the feeding site 
data suggest more use of terrestrial lichens. It 
seems l ike ly that the importance of arboreal l i -
chens varies among populations and among 
years. A r b o r e a l lichens are used more i n stands 
where spruce is present than in pure pine 
stands. The major conflicts w i t h forestry are 
centred on low-elevation winter ranges. 
N o r t h e r n caribou also use alpine slopes w i t h 
l o w snow accumulation during winter . O n e po-
pulat ion regularly winters in alpine habitats. 
M o r e c o m m o n l y , the alpine is used b y a small 
p r o p o r t i o n of caribou throughout the winter , 
or by many caribou for short t ime. Sometimes 
caribou move to the alpine when snow condi-
tions below treeline restrict their abi l i ty to 
move around or to forage (Hatler 1986). 
D u r i n g spring migration, northern caribou 
tend to use low-elevation movement routes and 
to feed on green vegetation i n openings. Some 
use of clearcuts i n spring has been reported. In 
some populations, nearly all the calving is at 
high elevations, but in other populations some 
cows calve at high elevations whi le others dis-
perse throughout forested habitats. 
Thus, for northern caribou the major over-
laps w i t h forestry activities occur o n l o w eleva-
t i o n winter range, and on spring range. Habitat 
fragmentation and access are concerns for mana-
gers of northern caribou, as they are for mana-
gers of mountain caribou. 
Management responses to accelerated log-
ging in caribou range 
Mountain caribou 
Forest harvesting has been under w a y in m o u n -
tain caribou habitat for many years, and has 
been perceived as a problem for many years. 
U n t i l recently, many managers expected that 
large areas of low-value t imber w o u l d remain 
unlogged for some time, prov id ing a stable core 
of caribou habitat. Today, managers have obser-
ved changes in the rate of cut, the elevation of 
the cut, and merchantability standards that have 
caused them to alter their expectations. M o r e 
than f i f ty percent of the t imber volume that 
has been harvested in interior Bri t ish C o l u m b i a 
since 1911 has been harvested in the last thirte-
en years (data compiled by R . Traves f rom M i -
nistry of Forests A n n u a l Reports, 1911-1990). 
In some drainages, first-pass logging has been 
completed at lower elevations and much of the 
planned logging is in high-elevation caribou 
ranges. Harvest ing is now in progress in stands 
that were considered unmerhantable a few years 
ago, such as decadent cedar (Thuja plicataj-hem-
lock (Tsuga heterophylla) types and high-eleva-
t ion subalpine f ir (Abies lasiocarpa) types. M o s t 
managers concerned w i t h habitat protection for 
mountain caribou no longer feel confident that 
there w i l l be enough marginal or remote t imber 
to support caribou. 
Where logging has been proposed in impor-
tant winter ranges, some managers have tried to 
institute reserves. U n t i l recently, reserves have 
generally been either small or short-lived. In 
1990, a landmark event occurred whe n a M i n i -
stry of E n v i r o n m e n t team succeeded in getting 
a consensus agreement for the M i n i s t r y of Fo -
rests at the regional level to the removal of a si-
zable area f r o m the commercial forest land base 
for a 20-year period. The terms of the agree-
ment are being observed local ly, pending appro-
val by the C h i e f Forester. 
A n o t h e r response to accelerated logging has 
been to try the develop management practices 
and strategies that al low timber harvesting and 
also maintain habitat values for caribou. A vari-
ety of partial cutting techniques are being used 
experimentally i n mountain caribou habitat. 
The residual stand of lichen-bearing trees con-
tinues to provide forage for caribou, though at 
a reduced level, and also provides l ichen frag-
ments to colonize the regenerating trees. O t h e r 
special management techniques are being used 
to recreate caribou habitat in second growth . 
These efforts to integrate forestry and caribou 
habitat management are described by Stevenson 
et al. (this volume). 
Northern caribou 
Forestry is a relatively new concern for mana-
gers responsible for northern caribou i n Br i t i sh 
C o l u m b i a . U n t i l a few years ago, nearly all the 
logging activity was remote f r o m the core ran-
ges of northern caribou. In 1990, government 
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biologists identified five northern caribou ran-
ges in w h i c h major logging developments were 
i n progress or imminent , and several others i n 
w h i c h moderate impacts were anticipated. 
Studies of the impact of forestry on northern 
caribou also have a short history in the p r o v i n -
ce. C i c h o w s k i ' s (1989) investigation of habitat 
selection and winter feeding ecology of caribou 
i n west central Bri t ish C o l u m b i a helped identi-
fy potential impacts. In 1989, biologists began 
to examine the effects of forestry practices o n 
terrestrial forage lichens, and to investigate 
whether special management practices can 
maintain winter habitat. Permanent plots have 
been established in scarified and non-scarified 
clearcuts to determine h o w clearcutting and site 
preparation affect terrestrial forage lichens. M a -
nual and aerial techniques for transplanting ter-
restrial lichens are being investigated. Small pat-
ches have been logged i n lodgepole pine stands 
where vascular plants were overgrowing lichens 
to determine whether l ichen product ion could 
be enhanced. F ina l ly , the potential of leave pat-
ches to maintain terrestrial l ichen forage and 
provide for l ichen dispersal is being studied 
(Enns 1990). 
Geographic aspects of 
caribou management 
F o r both mountain and northern caribou, rese-
archers and managers have begun to examine 
opportunities to use special management practi-
ces to maintain or recreate caribou habitat. 
These practices are experimental and it w i l l be 
many years before their effectiveness in main-
taining acceptable caribou habitat and surviving 
caribou populations is k n o w n . The success of 
special management practices may depend, in 
part, on h o w they are applied at the landscape 
level. Managers need tools that w i l l help them 
decide not o n l y what to do, but also where and 
when to do it. 
In the Revelstoke area of southeastern Br i t i sh 
C o l u m b i a , the M i n i s t r y of Envi ronment built 
on previous radiotelemetry studies to develop 
habitat maps and associated guidelines to meet 
management objectives for mountain caribou 
and moose. Simpson et al. (1988) defined seaso-
nal habitats for both species, using criteria such 
as elevation, aspect and forest cover type that 
could be identified on available maps. The map 
units were polygons that were labelled w i t h sea-
son of use and habitat type. F o r each map unit , 
detailed management recommendations included 
cut/leave ratios, guidelines for t imber harvest-
ing, and guidelines for si lvicultural practices. 
In west central Br i t ish C o l u m b i a , a hierarchi-
cal mapping system has been developed for 
northern caribou ( C i c h o w s k i and Banner 1990) 
based on biophysical mapping and radioteleme-
try data ( C i c h o w s k i 1989). The radiotelemetry 
data al lowed the authors to evaluate the impor-
tance of the biophysical map units to caribou, 
and then to develop interpretive maps using a 
GIS system. The interpretive maps were used 
to derive C a r i b o u Management Zones. This hie-
rarchical approach allows managers to make de-
cisions on a landscape level (for example, to 
identify a Management Zone w h i c h is to re-
main undisturbed) and also to make site-specific 
decisions by overlaying a map of caribou habi-
tat types on a forest cover map. 
Managers face several issues having to do w i t h 
the geographic context of habitat management 
for caribou. Forest harvesting results i n a mo-
saic of stands of different ages. There is uncer-
tainty about whether the mosaic should be fine-
grained or coarse-grained. Edmonds and B l o o m -
field (1984) reported that caribou i n Alber ta 
used clearcuts that were less than t w o hectares, 
but did not use larger ones. Eighty-seven per-
cent of all feeding and bedding sites in openings 
were w i t h i n 50 m of cover. T h e y developed 
guidelines calling for small clearcuts, intended 
to m i m i c the k i n d of openings that caribou na-
tural ly use. 
A n alternative approach, used i n O n t a r i o , is 
based on the observation that caribou tend to 
abandon areas where forest harvesting occurs, 
and o n the concern that forest harvesting alters 
predator-prey relationships to the disadvantage 
of caribou (Racey et al, this publication). A c -
cordingly, t imber management guidelines for ca-
r ibou under development in O n t a r i o call for 
large areas - 100 k m 2 or more - of continuous 
habitat to be maintained as winter range. Log-
ging is consolidated into very large clearcuts, 
rather than dispersed over the landscape. This 
approach is intended to minimize roads, edge, 
and moose. Managers in Bri t ish C o l u m b i a are 
considering h o w these ideas apply to local 
landscapes. 
A second issue that concerns managers is un-
certainty about the relationship between area of 
suitable habitat and numbers of caribou that 
can be maintained. Habitat managers have dif-
f iculty defending their requests for t imber de-
ferrals of special management over large areas 
Rangif er, Special Issue N o . 7, 1991 127 
to benefit caribou. A l t h o u g h it is not diff icult 
to imagine the kinds of studies that w o u l d test 
hypotheses about habitat size and populat ion 
size, the extensive manipulations that w o u l d be 
required have so far presented insurmountable 
obstacles. 
A th i rd prob lem faced by managers is the ab-
sence of a provincia l po l i cy identi fying geogra-
phic areas in w h i c h caribou management is a 
high pr ior i ty . Because the costs of conservative 
management for caribou are high, managers 
cannot expect to maintain caribou as a high 
p r i o r i t y species wherever it occurs. Managers 
need the mandate to make costly tradeoffs in 
some areas, and not to attempt them in others, 
and they need a rational basis for making those 
hard decisions. The issue is currently being ad-
dressed by a provincia l M i n i s t r y of E n v i r o n -
ment committee. 
Conclusion 
Decisions about habitat management for cari-
bou may involve significant departures f r o m 
usual forestry management practices over large 
areas. These decisions w i l l impact not on ly the 
forest industry, but also other wi ldl i fe species. 
Species w h i c h thrive on early serai stages and 
on edge, such as most game species, are l ike ly 
to be displaced. A n o t h e r recent development 
has begun to affect the context i n w h i c h deci-
sions about caribou research and management 
are made. A s biodiversity becomes a greater pu-
blic concern, biologists w i l l be expected to cre-
ate management strategies for caribou that also 
meet the needs of other «old-growth» species. 
The biodiveristy issue w i l l add another dimen-
sion of complexity to decisions about the man-
agement of forested habitats to maintain cari-
bou. 
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